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$\dot{q}=H_{p}(p(t), q(t))$ , (HS 1)
$\dot{P}=-H_{q}(p(t), q(t))$ , (HS.2)
$p,$ $q\in \mathrm{R}^{N}(N\geq 2)$ , Hamilton $H(p, q)$ : $\mathrm{R}^{N}\cross \mathrm{R}^{N}arrow \mathrm{R}$ $t$
C2- .
$(p(t), q(t))$ $(\mathrm{H}\mathrm{S}.1)-(\mathrm{H}\mathrm{s}.2)$
$\frac{d}{dt}H(p(t), q(t))=H_{p}(p, q)\dot{p}+H_{q}(p, q)\dot{q}=0$
, $(p(t), q(t))$ $h\in \mathrm{R}$
$H(p(t), q(t))=h$ $\forall t\in \mathrm{R}$ (HS.3)
. $(p(t), q(t))\in S_{h}$ $f$ .
$S_{h}=\{(p, q)\in \mathrm{R}^{2N};H(_{\mathrm{P}}, q)=h\}$ .
$\iota$ , $h\in \mathrm{R}$ , (HS.3) (HS $1$ ) $-(\mathrm{H}\mathrm{S}.2)$ ,
$T>0$ $p(t+T)=_{P()}t,$ $q(t+T)=q(t)$ $(\mathrm{H}\mathrm{S}.1)-(\mathrm{H}\mathrm{S}.2)$ ,
. prescribed energy problem .
. $S\subset \mathrm{R}^{2N}$ , Hamilton
$H:\mathrm{R}^{2N}arrow \mathrm{R}$
$S=\{H=h\}$ $\nabla H(z)\neq 0$ $\forall z\in S$
. $(\mathrm{H}\mathrm{S}.1)-(\mathrm{H}\mathrm{s}.2)$ flow $S$ . flow
$S$ , $S$ Hamiltonian vector field $X_{H}=J\nabla H$
. $S$ Hamilton $H$
.
938 1996 75-80 75
1978 Rabinowitz [R], Weinstein [W]
, $S$ compact , $S$ 1
. , , Viterbo [V] ( $\mathrm{c}.\mathrm{f}$ . [HZ])
$\mathrm{R}^{2N}$ Weinstein conjecture .
[I] .
$S$ non-compact .
2- ( $n$- ) , energy $h\in \mathrm{R}$
. , 2- $H(p, q)= \frac{1}{2}|p|^{2}-\frac{1}{|q|}$
energy $S=\{H=h\}$ non-compact . Hamilton –
Hamilton singular Hamiltonian system .
$H(p, q)= \frac{1}{2}|p|^{2}+V(q)$
singular Hamiltonian system , 3 –
singular Hamiltonian system .
2. Second order singular Hamiltonian systems
, singular Hamiltonian system “ ”
$H(p, q)= \frac{1}{2}|p|^{2}+V(q)$ , $V(q) \sim-\frac{1}{|q|^{\alpha}}(\alpha>0)$
. Hamilton (HS $1$ ) $-(\mathrm{H}\mathrm{S}.2)$
$q+\nabla V(q)=0$ , (1.1)
1 .
$-2|q|^{2}+V(q)=h$ , (1.2)
. $V(q)=- \frac{1}{|q|^{\alpha}}(\alpha>0)$ , .
Lemma 1. $(1.1)-(1.2)$ .
(i) $\alpha\in(0,2)$ $h<0$ ,
(ii) $\alpha>2$ $h>0$ ,
(iii) $\alpha=2$ $h=0$ .










, $(\mathrm{i})-(\mathrm{i}\mathrm{i}\mathrm{i})$ 1 ,








$(1.1)-(1.2)$ $V(q)$ singularity ,
$V\in C^{2}(\mathrm{R}^{N}, \mathrm{R})$ , $(1.1)-(1.2)$ 1
Hayashi [H], Benci [B], Gluck-Ziller [GZ] .
(a1) $V\in C^{1}(\mathrm{R}^{N}, \mathrm{R})$ ,
(a2) $\Omega=\mathrm{f}o\in \mathrm{R}^{N};V(q)<h\}$ ,
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Theorem 2 $([\mathrm{T}2])$ . $V(q)$ .
(V1) $V\in c^{2}(\mathrm{R}^{N}\backslash \{\mathrm{o}\}, \mathrm{R})$ ,
(V2) $\Omega\equiv\{q\in \mathrm{R}^{N}\backslash \{0\};V(q)<h\}\cup\{0\}$ ,
(V3) $V(q) \sim-\frac{1}{|q|^{\alpha}}$ near $q=0;W(q)=V(q)+$
$|q|^{\alpha}W(q),$ $|q|^{\alpha+1}\nabla W(q),$ $|q|^{\alpha+2}\nabla^{2}W(q)arrow 0$ as $qarrow \mathrm{O}$ .
(i) $\alpha\in(1,2)$ if $N\geq 4$ ,
(ii) $\alpha\in(4/3,2)$ if $N=3$ ,
$(1.1)-(1.2)$ 1 . I
Remarks. (i) potential well $\Omega$ singularity
. $V(q)\in C^{2}(\mathrm{R}^{N}\backslash \{P1,P2, \cdots,P\ell\}, \mathrm{R}),$ $V(q) \sim-\frac{a_{j}}{|q-\mathrm{P}j|^{\alpha}j}$
near $q=p_{j}$ $\alpha_{j}\in(1,2)(N\geq 4),$ $\alpha_{j}\in(4/3,2)(N=3)$ $j$
, 1 .
(ii) $N\geq 2$ $\alpha\in(1,2)$
, .
$h>0,$ $\alpha>2$ [P], [ACZ] references
. [ $\mathrm{P}|$ .
Theorem 3 $(\mathrm{c}.\mathrm{f}. [\mathrm{P}])$ . $N\geq 2$ , $V(q)$
(i) $V(q)\in C^{1}(\mathrm{R}\backslash \{0\}, \mathrm{R})$ ,
(ii) $V(q)<0\forall q\neq 0$ ,
(iii) $V(q) \sim-\frac{1}{|q|^{\alpha}}$ near $q=0$ . I





critical point $u(\tau)$ $J(u)>0$
$q(t)=u(t/T)$ , $T=( \frac{\int_{0}^{1}\frac{1}{2}|u|d\tau}{\int_{0}^{1}[h-V(u(_{\mathcal{T}))]\tau}d}.)^{1/2}$
78
$q(t)$ $(1.1)-(1.2)$ , finimax $J(u)$
. [T2], [P] .
$(1.1)-(1.2)$ (1.1) prescribed period problem
[ACZ] references .
3. First order singular Hamiltonian systems
“ ” Hamilton , Theorem 2, 3






Theorem 4 $([\mathrm{C}\mathrm{S}\mathrm{T}])$ . $H(p, q)$ $\alpha,$ $\beta>1,$ $a_{1},$ $a_{2},$ $\cdots,$ $a_{11}>0$
.
(h0) $H(p, q)\in C^{1}(\mathrm{R}^{N}\mathrm{x}(\mathrm{R}^{N}\backslash \{\mathrm{o}\}), \mathrm{R})$ ;
(h1) $H(p, q) \leq a_{1}|p|^{\beta}-a_{2}\frac{1}{|q|^{\alpha}}\forall p,$ $q\neq 0$ ;
(h2) $|H_{p}(p, q)|\leq a_{3}|p|^{\beta-1}+a_{4^{\frac{1}{|q|^{\alpha}(\beta-1)/\beta}}}+a_{5}\forall p,$ $q\neq 0$ ;
(h3) (i) $H_{p}(p, q)p\geq a_{6}|p|^{\beta}-a_{7}\forall p,$ $q\neq 0$ ;
(ii) $H_{q}(p, q)q \geq a_{8}\frac{1}{|q|^{\alpha}}-a_{9}\forall p,$ $q\neq 0$ ;
(h4) $a_{10}( \frac{1}{\beta}H_{p}(p, q)p-\frac{1}{\alpha}H_{q}(p, q)q)-a_{11}\leq H(p, q)\leq a_{12}H_{p}(p, q)p+a_{13}H_{q}(p, q)q$
$\forall p,$ $q\neq 0$ ;
(h5) $\kappa_{0}(\rho)\in C([0, \infty),$ $\mathrm{R})$
$\kappa_{0}(\rho)arrow 0$ as $\rhoarrow\infty$ ,
$|H_{q}(p, q)|\leq\kappa_{0}(|q|)(|p|^{\beta}+1)$ $\forall p,$ $q\neq 0$ ;
(h6) $\delta>0$ $A(q)\in C(\mathrm{R}^{N}\backslash \{0\}, \mathrm{R})$
$|H_{q}(p, q)|\leq a_{14}|p|^{\beta-\delta}+A(q)$ $\forall p,$ $q\neq 0$ .
$\alpha>\beta>1$ $h>0$ $(\mathrm{H}\mathrm{S}.1)-(\mathrm{H}\mathrm{S}.3)$ 1
. I
79
Lemma 1 (ii) – . (i) –
, ( singularity $0$
[ACZ] $)$ Ambrosetti and Struwe [ $\mathrm{A}\mathrm{S}|$ .
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